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In position and orientation measurement based on natural 
features, erroneous detection of the natural features is pre 
vented when an observation target object is occluded by 
another object, and registration stability is improved. To this 
end, an occluding object that can occlude the observation 
target object is defined, and an occluding region where the 
occluding object occludes the observation target object is 
detected in an input captured image. Image features of the 
observation target object are detected in a region of the cap 
tured image other than the detected occluding region. There 
fore, the position or orientation of an image pickup apparatus 
that captured the captured image, or the position or orienta 
tion of the observation target object in the captured image are 
calculated. 
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IMAGE PROCESSINGAPPARATUS AND 
METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a technique for calculating 

at least one of the position and orientation of an image pickup 
apparatus oran observation target object on the basis of image 
features detected on a captured image. 

2. Description of the Related Art 
Recently, research of Mixed Reality (MR) techniques for 

providing a seamless integration of real and virtual spaces has 
been actively conducted. Among these MR techniques, espe 
cially an Augmented Reality (AR) technique that Superim 
poses a virtual space on a real space has received attention. 
An image providing apparatus employing the AR tech 

nique is mainly implemented by a video see-through or opti 
cal see-through head mounted display (HMD). 

In a video see-through HMD, a virtual-space image (e.g., 
virtual objects or text information rendered by computer 
graphics) generated according to the position and orientation 
of an image pickup apparatus such as a video camera in the 
HMD is Superimposed on a real-space image captured by the 
image pickup apparatus, and the resulting synthesized image 
is displayed to a user. In an optical see-through HMD, a 
virtual-space image generated according to the position and 
orientation of the HMD is displayed on a transmissive-type 
display to allow a synthesized image of real and virtual spaces 
to be formed on the retina of a user. 
One of the most serious problems with the AR technique is 

accurate registration between real and virtual spaces, and 
many attempts have been made to address this problem. In a 
video see-through HMD, the problem of registration in AR 
involves accurate determination of the position and orienta 
tion of the image pickup apparatus in a scene (that is, in a 
reference coordinate system defined in the scene). In an opti 
cal see-through HMD, the problem of registration involves 
accurate determination of the position and orientation of the 
HMD in a scene. 
To solve the former problem, it is common to place artifi 

cial markers in a scene and determine the position and orien 
tation of the image pickup apparatus in the reference coordi 
nate system using the markers. The position and orientation 
of the image pickup apparatus in the reference coordinate 
system are determined from the correspondences between 
detected positions of the markers in an image captured by the 
image pickup apparatus and known information, namely, 
three-dimensional positions of the markers in the reference 
coordinate system. 

To solve the latter problem, it is common to attach an image 
pickup apparatus to the HMD and determine the position and 
orientation of the image pickup apparatus in a manner similar 
to that described above to determine the position and orien 
tation of the HMD on the basis of the determined position and 
orientation of the image pickup apparatus. 

Methods for determining the position and orientation of an 
image pickup apparatus on the basis of correspondences 
between image coordinates and three-dimensional coordi 
nates have been proposed for a long time in the fields of 
photogrammetry and computer vision. 
A method for determining the position and orientation of 

animage pickup apparatus by Solving nonlinear simultaneous 
equations on the basis of correspondence of three points is 
disclosed in R. M. Haralick, C. Lee, K. Ottenberg, and M. 
Nolle, “Review and Analysis of Solutions of the Three Point 
Perspective Pose Estimation Problem”, International Journal 
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2 
of ComputerVision, vol. 13, No. 3, PP. 331-356, 1994 (here 
inafter referred to as “Document 1). 
A method for determining the position and orientation of 

an image pickup apparatus by optimizing a rough position 
and orientation of the image pickup apparatus through itera 
tive calculations on the basis of correspondences between 
image coordinates and three-dimensional coordinates of a 
plurality of points is disclosed in D. G. Lowe, “Fitting Param 
eterized Three-Dimensional Models to Images, IEEE Trans 
actions Pattern Analysis and Machine Intelligence, vol. 13, 
No. 5, PP. 441-450, 1991 (hereinafter referred to as “Docu 
ment 2). 

Another serious problem in AR technology, other than 
registration, is an occlusion problem in which determination 
of the in-front/behind relationship between real and virtual 
spaces is required. For example, when a virtual object is 
located at a position hidden or occluded by a real object Such 
as a hand, it is necessary to render the real object in front of the 
virtual object. If the occlusion effect is not taken into account, 
the virtual object is always rendered in front of the real object, 
and an observer viewing the resulting image feels unnatural. 
In Japanese Patent Laid-Open No. 2003-296759 (hereinafter 
referred to as “the Patent Document”), the occlusion problem 
is overcome by designating the color of an occluding real 
object (e.g., the color of a hand) in advance so that a virtual 
object is not rendered in a region of a captured image having 
the same color as the occluding real object. 

In N. Yokoya, H. Takemura, T. Okuma, and M. Kanbara, 
“Stereo vision based video see-through mixed reality.” in (Y. 
Ohta & H. Tamura, eds.) Mixed Reality-Merging Real and 
Virtual Worlds, Chapter 7, Ohmsha-Springer Verlag, 1999 
(hereinafter referred to as "Document 11), the occlusion 
problem is overcome by obtaining real-space depth informa 
tion through Stereo matching using images captured by two 
built-in cameras of an HMD. 

With the recent high-speed performance of computing 
machines, research of registration using features present in a 
scene (hereinafter referred to as “natural features'), rather 
than artificial markers, has been actively carried out. 

Methods for determining the position and orientation of an 
image pickup apparatus on the basis of correspondences 
between image edges and a three-dimensional model of an 
observation target are disclosed in T. Drummond and R. 
Cipolla, “Real-time visual tracking of complex structures'. 
IEEE Transaction Pattern Analysis and Machine Intelligence, 
vol. 24, No. 7, PP. 932-946, 2002 (hereinafter referred to as 
“Document 3), and A. I. Comport, E. Marchand, and F. 
Chaumette, "A real-time tracker for markerless augmented 
reality”. Proceedings of the Second IEEE and ACM Interna 
tional Symposium on Mixed and Augmented Reality (IS 
MAR03), PP. 36-45, 2003 (hereinafter referred to as “Docu 
ment 4''). 

In these methods, first, (1) a three-dimensional model is 
projected onto a captured image using a rough position and 
rough orientation of an image pickup apparatus. The rough 
position and rough orientation of the image pickup apparatus 
are, for example, the position and orientation calculated in the 
preceding frame. Then, (2) line segments comprising the 
projected model are divided into equal intervals on the image, 
and, for each of the division points, a point (edge) where the 
intensity gradient is a local maximum in the direction perpen 
dicular to the projected line segment is searched for as a 
corresponding point. Further, (3) correcting values of the 
position and orientation of the image pickup apparatus are 
determined so that the distances between the corresponding 
points found for the individual division points and the corre 
sponding projected line segments become minimum on the 
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image, and the position and orientation of the image pickup 
apparatus are updated. The three-dimensional model is again 
projected onto the captured image using the updated position 
and orientation of the image pickup apparatus, and the step 
(3) is iterated until the sum of the distances has converged to 
the optimum. Thus, the final position and orientation of the 
image pickup apparatus are obtained. 

In the above step (2), erroneous detection may occur if the 
accuracy of the rough position and rough orientation of the 
image pickup apparatus is low. That is, wrong points may be 
detected as corresponding points. If such erroneous detection 
occurs, the iterative calculations may not be converged in the 
step (3), or the accuracy of the obtained position and orien 
tation of the image pickup apparatus may below, resulting in 
low-accuracy AR registration. 

In Documents 3 and 4, therefore, an M-estimator, which is 
a robust estimation method, is used to minimize the Sum of 
weighted errors by assigning a small weight to data having a 
large distance between the corresponding point and the line 
segment and assigning a large weight to data having a small 
distance. Therefore, any influence of erroneous detection is 
eliminated. 

In L. Vacchetti, V. Lepetit, and P. Fua, “Combining edge 
and texture information for real-time accurate 3D camera 
tracking'. Proceedings of the Third IEEE and ACM Interna 
tional Symposium on Mixed and Augmented Reality (IS 
MAR04), PP. 48-57, 2004 (hereinafter referred to as “Docu 
ment 5'), a plurality of candidate points are extracted and 
stored in the search step (2), and the closest points to the 
projected line segments are selected from among the plurality 
of candidate points each time the step (3) is repeated. There 
fore, any influence of erroneous detection is eliminated. 

In H. Wuest, F. Vial, and D. Stricker, Adaptive Line Track 
ing with Multiple Hypotheses for Augmented Reality”. Pro 
ceedings of the Fourth IEEE and ACM International Sympo 
sium Mixed and Augmented Reality (ISMAR05), PP. 62-69, 
2005 (hereinafter referred to as “Document 6”), information 
concerning visual properties of edges near line segments on 
animage is held to eliminate the influence of erroneous detec 
tion caused by changes in lighting orchanges in point of view. 

Methods for determining the position and orientation of an 
image pickup apparatus using point features, rather than 
edges, on an image are disclosed in G. Simon, A. W. Fitzgib 
bon, and A. Zisserman, "Markerless Tracking using Planar 
Structures in the Scene'. Proc. Int’l Symp. on Augmented 
Reality 2000 (ISAR2000), PP 120-128, 2000 (hereinafter 
referred to as “Document 7), and I. Skrypnyk and D. G. 
Lowe, “Scene Modelling, Recognition and Tracking with 
Invariant Image features'. Proc. The Third Int’l Symp. on 
Mixed and Augmented Reality (ISMAR04), PP 110-119, 
2004 (hereinafter referred to as “Document 8”). 

Point features are features represented in terms of position 
(image coordinates) on an image and image information 
around. For example, point features are detected using the 
Harris operator, Moravec operator, or the like. 

In Document 7, point features on the same plane in a 
three-dimensional space are tracked in Successive frames, 
and the position and orientation of an image pickup apparatus 
are calculated on the basis of the relationship between the 
positions of these points on the plane and the image coordi 
nates of the corresponding point features. 

In Document 8, the position and orientation of an image 
pickup apparatus are determined using point features having 
feature information invariant to scale change and rotation 
change on an image on the basis of correspondences between 
image coordinates and three-dimensional coordinates of the 
point features. In Document 8, point features are not tracked 
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4 
in Successive frames. On the contrary, matching is performed 
between a predetermined point feature database and point 
features detected in the current frame to identify the point 
features in every frame. 
The point-feature-based methods also have a problem of 

erroneous detection, like the edge-based methods. In Docu 
ments 7 and 8, point features detected as outliers are removed 
using the Random Sample Consensus (RANSAC) algorithm. 
In the RANSAC-based outlier removal scheme, correspond 
ing points are selected at random, and the position and orien 
tation of the image pickup apparatus are calculated. When the 
number of corresponding points meeting the calculated val 
ues is the maximum, corresponding points that are not 
included in the set of the corresponding points are removed as 
outliers. 

There is a method of the related art using artificial markers, 
in which erroneous detection of the markers is prevented 
using chroma-keying. ProSet and SmartSet systems, which 
are virtual studio systems of Orad Hi-Tec systems Ltd., utilize 
traditional blue or green screen chroma-key techniques to 
separate a human figure from a background. 
On the background, an artificial pattern for registration 

having a color similar to that of the background is placed, and 
the position and orientation of a camera are estimated using 
the detected pattern on the captured image. Since the regis 
tration pattern is separated as the background from the human 
figure using chroma-keying, the registration pattern may not 
be erroneously detected on the human image. Therefore, 
stable estimation of the position and orientation of the camera 
can be achieved. Furthermore, since the registration pattern is 
removed as the background using chroma-keying, the regis 
tration pattern is not observed on a composite image in which 
a computer graphics (CG) image is rendered on the back 
ground. 
The above-described technique to avoid erroneous detec 

tion of the markers, proposed by Orad Hi-Tec systems Ltd., is 
a technique for use in virtual studio applications. In a virtual 
studio, a human figure is extracted from the background, and 
a CG image is rendered onto a background portion so as to be 
combined with an image of the human figure. Therefore, a 
blue Screen can be used as a background, and the background 
can be extracted using chroma-keying. 

In AR systems, however, a CG image is Superimposed on a 
real background image. Therefore, it is difficult to extract the 
background by performing simple processing Such as 
chroma-keying, and it is also difficult to adopt the technique 
proposed by Orad Hi-Tec systems Ltd. to avoid erroneous 
detection of natural features on the background image. 

In the related art, the process for detecting natural features 
for registration and the process for determining the in-front/ 
behind relationship between a virtual object and a real 
occluding object Such as a hand are separately performed. In 
an image region where the occluding object is in front of the 
virtual object, the natural features used for registration must 
not be detected. Therefore, it can be expected that erroneous 
detection may be prevented by using information concerning 
the in-front/behind relationship for image feature detection. 
In the related art, however, information concerning the in 
front/behind relationship is not used for natural feature detec 
tion. 
A measurement device arranged to measure the position 

and orientation of an occluding object allows the in-front/ 
behind relationship between an observation target object and 
the occluding object to be determined using measurement 
results of the measurement device. In the related art, however, 
information concerning the measured position and orienta 
tion of the occluding object is not used for natural feature 
detection. 
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SUMMARY OF THE INVENTION 

The present invention provides a technique in which erro 
neous detection of image features can be prevented when an 
observation target object is occluded by an occluding object 
and registration stability can be improved. 
The present invention further provides a technique using a 

measurement device arranged to measure the position and 
orientation of an occluding object, in which erroneous detec 
tion of image features can be prevented using information 
obtained from the measurement device when an observation 
target object is occluded by the occluding object and regis 
tration stability can be improved. 

The present invention provides an image processing appa 
ratus including an object defining unit configured to define a 
specific object that can occlude a target object to be observed; 
animage obtaining unit configured to obtain a captured image 
captured by an image pickup apparatus; a region detector 
configured to detect a region including the specific object 
from the obtained captured image; an image feature detector 
configured to detect image features of the target object from 
the captured image; and a calculating unit configured to cal 
culate a position and/or orientation of the image pickup appa 
ratus that captured the captured image or a position and/or 
orientation of the target object in the captured image on the 
basis of the image features detected by the image feature 
detector, wherein the image processing apparatus is config 
ured not to take into account features from the detected region 
in determining the position and/or orientation of the image 
pickup apparatus that captured the image or a position and/or 
orientation of the target object in the captured image. 
The present invention further provides an image process 

ing method including a holding step of holding definition 
information defining a specific object that can occlude a target 
object to be observed; an image obtaining step of obtaining a 
captured image captured by an image pickup apparatus; a 
region detecting step of detecting a region including the spe 
cific object from the obtained captured image; an image fea 
ture detecting step of detecting image features of the target 
object from the captured image; and a calculating step of 
calculating a position and/or orientation of the image pickup 
apparatus that captured the captured image or a position and/ 
or orientation of the target object in the captured image on the 
basis of the image features detected in the image feature 
detecting step, wherein the method does not take into account 
features from the detected region in determining the position 
and/or orientation of the image-pickup apparatus that cap 
tured the image or a position and/or orientation of the target 
object in the captured image. 

Further features of the present invention will become 
apparent from the following description of exemplary 
embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing an example structure of a 
position and orientation measurement apparatus according to 
a first embodiment of the present invention. 

FIG. 2 is a diagram showing an example typical situation 
where the position and orientation measurement apparatus 
according to the first embodiment is applied. 

FIG. 3 is a flowchart showing the processing operation of 
the position and orientation measurement apparatus accord 
ing to the first embodiment. 

FIGS. 4A, 4B, 4C, and 4D are diagrams showing a method 
for defining a three-dimensional model according to the first 
embodiment. 
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6 
FIGS. 5A and 5B are diagrams showing projection of the 

three-dimensional model onto an image. 
FIG. 6 is a diagram showing division points plotted on an 

image of the three-dimensional model. 
FIG. 7 is a flowchart showing a procedure of an image 

feature detection process according to the first embodiment. 
FIGS. 8A and 8B are diagrams showing a method for 

detecting an image feature according to the first embodiment. 
FIG. 9 is a diagram showing a method for calculating the 

position and orientation of an image pickup apparatus using 
line segment information. 

FIGS. 10A and 10B are diagrams showing detection of an 
occluding region according to the first embodiment. 

FIGS. 11A and 11B are diagrams showing a computer 
graphics Superimposing (synthesizing) method according to 
the first embodiment. 

FIG. 12 is a diagram showing detection of an occluding 
region according to a modification example of the first 
embodiment. 

FIG. 13 is a diagram showing an example structure of a 
position and orientation measurement apparatus according to 
a second embodiment of the present invention. 

FIG. 14 is a diagram showing an example typical situation 
where the position and orientation measurement apparatus 
according to the second embodiment is applied. 

FIG.15 is a flowchart showing a process procedure accord 
ing to the second embodiment. 

FIG. 16 is a diagram showing a definition method of a 
model of an occluding object according to the second 
embodiment. 

FIGS. 17A and 17B are diagrams showing detection of an 
occluding region according to the second embodiment. 

FIGS. 18A and 18B are diagrams showing a region neigh 
boring the occluding region. 

DESCRIPTION OF THE EMBODIMENTS 

Embodiments of the present invention will be described in 
detail with reference to the drawings. 
First Embodiment 
A first embodiment of the present invention will be 

described with respect to a registration method using edges 
detected on an image. More specifically, a position and ori 
entation measurement apparatus and a position and orienta 
tion measurement method for determining the position and 
orientation of an observer relative to an observation target 
object observed by the observer when the observation target is 
occluded by a hand of the observer will be described. 

FIG. 1 shows an example structure of a position and ori 
entation measurement apparatus 1 according to the first 
embodiment. As shown in FIG. 1, the position and orientation 
measurement apparatus 1 includes an occluding object defin 
ing unit 110, an image input unit 120, an occluding region 
detector 130, an image feature detector 140, and a position/ 
orientation calculating unit 150. An image pickup apparatus 
100 is connected to the image input unit 120. 

FIG. 2 is a diagram showing a typical situation where the 
position and orientation measurement apparatus 1 according 
to the first embodiment is applied. An observer wears the 
image pickup apparatus 100, and an observation target object 
10, which is a real object, is partially occluded by hands 20 of 
the observer. The position and orientation measurement appa 
ratus 1 according to the first embodiment is configured to 
determine the position and orientation of the image pickup 
apparatus 100 relative to the observation target object 10. 

In the first embodiment, an observation target object is 
located behind an occluding object, i.e., an observer's hand. 
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The occluding object defining unit 110 defines an occlud 
ing object in advance before position and orientation mea 
Surement, and stores the definition of the occluding object in 
a storage unit (not shown). In the first embodiment, the 
occluding object defining unit 110 defines the color of a hand. 
On an image, pixels corresponding to a region having the 
same color as the hand can represent an object occluded by 
the hand. In the definition of the color of the hand, for 
example, a representative value of the color of the hand may 
be represented by three components of red (R), green (G), and 
blue (B), and a range of values available for each of the 
components may be designated. An elliptic region in an RGB 
space using the RGB components as three orthogonal axes 
may also be defined. Alternatively, an elliptic region in a UV 
plane using U and V components as two orthogonal axes, 
wherein the U and V components are color components in a 
YUV color space, may be defined instead of the RGB com 
ponents. The method for defining the color of a hand is not 
limited to those described above, and any other definition 
method for representing a color or a color region may be used. 
The image input unit 120 receives an image captured by the 

image pickup apparatus 100. The image input unit 120 is 
implemented by a video capture board if the output of the 
image pickup apparatus 100 is compatible with analog output 
formats such as NTSC (National Television System Commit 
tee). If the output of the image pickup apparatus 100 is com 
patible with digital output formats such as IEEE (Institute of 
Electrical and Electronic Engineers) 1394, the image input 
unit 120 is implemented by, for example, an IEEE 1394 
interface board. 
The occluding region detector 130 detects an occluding 

region of the captured image input from the image input unit 
120 where the observation target object is occluded by the 
occluding object defined by the occluding object defining unit 
110. The detected occluding region is output to the image 
feature detector 140. 
The image feature detector 140 detects an image feature on 

the image input from the image input unit 120. Image features 
are detected only in a region other than the occluding region 
detected by the occluding region detector 130. The detected 
image features are output to the position? orientation calculat 
ing unit 150. 
The position/orientation calculating unit 150 calculates the 

position and orientation of the image pickup apparatus 100 
relative to the observation target object 10 on the basis of 
information concerning the image features detected by the 
image feature detector 140. 
The processing operation of the position and orientation 

measurement apparatus 1 according to the first embodiment 
will now be described. 

FIG. 3 is a flowchart showing the processing operation of 
the position and orientation measurement apparatus 1 accord 
ing to the first embodiment. 

First, in step S1010, initialization is performed. In the 
initialization processing of step S1010, an occluding object is 
defined, and the position and orientation of the image pickup 
apparatus 100 relative to the observation target object are 
roughly determined. The occluding object in the first embodi 
ment is an observer's hand, and a color region representing 
the color of the hand is designated. In the designation process 
of the color region, for example, an image including the hand 
as the occluding object is captured in advance, and a hand 
region is specified in the image using a mouse. The color of 
the hand region is mapped onto a UV plane, and an elliptic 
area including the mapped hand region on the UV plane is 
designated as a color region representing the color of the 
hand. 
A position and orientation measurement method described 

below according to the first embodiment is a method of updat 
ing the rough position and orientation of the image pickup 
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8 
apparatus 100 using information concerning image features. 
Therefore, the position and orientation of the image pickup 
apparatus 100 need to be roughly determined in advance prior 
to the position and orientation measurement. For example, a 
predetermined position and orientation may be designated, 
and the image pickup apparatus 100 may be moved to the 
designated position and orientation. 

Alternatively, as disclosed in H. Kato and M. Billinghurst, 
“Marker Tracking and HMD Calibration for a Video-Based 
Augmented Reality Conferencing System”. Proc. The 2nd 
IEEE International Workshop on Augmented Reality (IWAR 
99), pp. 85-94, 1999, an artificial marker that is identifiable 
once it is detected in an image may be used. In this case, 
three-dimensional positions of vertices of the marker are 
measured, and the position and orientation of the image 
pickup apparatus 100 are determined from correspondences 
between image coordinates and three-dimensional positions 
of the vertices of the artificial marker. The determined posi 
tion and orientation may be designated as a rough position 
and orientation of the image pickup apparatus 100. 

Alternatively, a magnetic, optical, or ultrasonic position 
and orientation sensor with six degrees of freedom may be 
attached to the image pickup apparatus 100, and the position 
and orientation of the image pickup apparatus 100 obtained 
from the sensor may be designated as a rough position and 
orientation of the image pickup apparatus 100. The position 
and orientation of the image pickup apparatus 100 may be 
measured using a combination of an artificial marker and the 
above-described position and orientation sensor with six 
degrees of freedom or an orientation sensor with three 
degrees of freedom and a position sensor with three degrees 
of freedom, and the determined position and orientation may 
be designated as a rough position and orientation of the image 
pickup apparatus 100. After the initialization is performed, 
the process proceeds to step S1020. 

In step S1020, an image captured by the image pickup 
apparatus 100 is loaded into the position and orientation 
measurement apparatus 1 via the image input unit 120. The 
image loaded in step S1020 is transmitted to the occluding 
region detector 130 and the image feature detector 140. 

Then, in step S1030, an occluding region is detected. Pixels 
corresponding to the color region representing the color of the 
hand designated in step S1010 are detected from the image, 
and are labeled to generate connected regions. Each of the 
connected regions is dilated to remove noise. The remaining 
connected regions are output to the image feature detector 
140 as occluding regions. 

FIGS. 10A and 10B are diagrams showing detection of an 
occluding region according to the first embodiment. FIG. 
10A shows an image captured by the image pickup apparatus 
100, in which an observation target object is occluded by a 
hand. Which pixel in the captured image is occluded by the 
hand is determined using flags Fi (i-1, 2, . . . , n) each 
associated with one of the pixels and indicating whether or 
not the corresponding pixel is occluded, where n denotes the 
number of pixels in the captured image. Initially, all the flags 
Fi are set to value “0”. Then, the flags Fiassociated with the 
pixels corresponding to the occluding region are set to value 
“1”. The flags Fi are output to the image feature detector 140 
as data indicating the occluding region. 

FIG. 10B shows a mask image represented in white and 
black, which is generated using the flags Fi. Image features 
are detected only in the white portion of the mask image. 

Then, in step S1040, model projection is performed. Spe 
cifically, a three-dimensional model of the observation target 
object is projected onto the image on the basis of the rough 
position and orientation of the image pickup apparatus 100. 
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The model projection is performed using known camera 
internal parameters such as focal length and principal point. 
In the first embodiment, the camera internal parameters are 
measured in advance and are thus known. 

FIGS. 4A, 4B, 4C, and 4D are diagrams showing a method 
for defining a three-dimensional model according to the first 
embodiment. The three-dimensional model is defined by a set 
of points, information concerning Surfaces defined by con 
necting the points, and information concerning line segments 
bounding the Surfaces. 
As shown in the left portion of FIG. 4A, the three-dimen 

sional model in the first embodiment has a rectangular paral 
lelepiped shape with eight points P1 to P8, and the coordinate 
system of the rectangular parallelepiped model is defined 
with an X-axis extending in the direction from the point P1 to 
the point P4, a Y-axis extending in the direction from the point 
P5 to the point P1, and a Z-axis extending in the direction 
from the point P1 to the point P2. The origin is set at the point 
P5. As shown in the middle and right portions of FIG. 4A, the 
rectangular parallelepiped model is defined by surfaces F1 to 
F6. 
The rectangular parallelepiped model is also defined by 

line segments L1 to L12. As shown in FIG. 4B, each of the 
points P1 to P8 is represented by three-dimensional coordi 
nate values. As shown in FIG. 4C, each of the surfaces F1 to 
F6 is represented by IDs of points defining that surface and 
the order by which the points are connected. As shown in FIG. 
4D, each of the line segments L1 to L12 is represented by IDs 
of two end points thereof. 
FIGS.5A and 5B are diagrams showing projection of the 

three-dimensional model onto the image in step S1040. FIG. 
5A shows the captured image, and FIG.SB shows an image in 
which the three-dimensional model is projected on the cap 
tured image. 
When a motion occurs between the image pickup appara 

tus 100 and the observation target object 10 in successive 
frames, as shown in FIG. 5B, a deviation occurs between the 
actually captured image and the projected image of the three 
dimensional model indicated by bold lines. In FIG. 5B, bro 
ken lines indicate hidden line segments that cannot be 
observed from the position and the orientation. 

Then, in step S1050, image features are detected. The 
image features are detected as follows. 

First, division points are set so that the line segments defin 
ing the projected three-dimensional model can be divided into 
equal intervals on the image. FIG. 6 is a diagram showing the 
division points on the image of the three-dimensional model. 
The total number of division points is N, and each of the 
division points is denoted by DPi (i=1,2,..., N). The number 
N of division points can be controlled by changing the inter 
vals between the division points on the image. The intervals 
between the division points on the image may be changed in 
every frame so that the number of division points can be 
COnStant. 

The image feature detection process performed in step 
S1050 will now be described with reference to a flowchart 
shown in FIG. 7. 

First, in step S1110, the variable “i' is set to 1. Then, in step 
S1120, it is determined whether or not a given division point 
DPi is visible. Specifically, if the division point DPi is 
occluded by another surface of the three-dimensional model, 
i.e., if the division point DPilies on the broken lines shown in 
FIG. 6, the division point DPi is not visible. The determina 
tion as to whether or not the division point DPi is visible can 
be performed by, for example, as disclosed in Document 8, 
rendering the division point DPi after rendering the three 
dimensional model using graphics hardware, and determin 
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10 
ing whether or not a depth buffer has been updated in the 
graphics hardware. If the division point DPi is not visible, the 
process proceeds to step S1150. If the division point DPi is 
visible, the process proceeds to step S1130. 

In step S1130, it is determined whether or not the division 
point DPi is occluded by the occluding object designated in 
step S1010. Specifically, if the value of an occluding region 
flag Fassociated with the image coordinates of the division 
point DPi is 1, it is determined that the division point DPi is 
occluded by the occluding object. If the value of the flag Fis 
0, it is determined that the division point DPi is not occluded. 
If it is determined that the division point DPi is occluded, the 
process proceeds to step S1150. If it is determined that the 
division point DPi is not occluded, the process proceeds to 
step S1140, and an image feature is detected. 

In step S1140, an image feature corresponding to the divi 
sion point DPi is detected. In the first embodiment, image 
features are edges. FIGS. 8A and 8B are diagrams showing a 
method for detecting an image feature according to the first 
embodiment. As shown in FIG. 8A, for each of the division 
points, an edge is one-dimensionally searched for along a line 
segment (hereinafter referred to as a “search line') parallel to 
the normal to the projected line segment and passing through 
the division point. It is to be noted that if the value of an 
occluding region flag F associated with the image coordi 
nates of a pixel on a search line is 1, edge detection is not 
performed on the pixel on the search line. Further, there is a 
possibility of the image coordinates of a pixel on a search line 
may have non-integer values. In this case, for example, an 
average of occluding region flags is determined by bilinear 
interpolation using the values of the occluding region flags F. 
for four nearby points. If the average is greater than 0.5, it is 
determined that the corresponding pixel is occluded, and edge 
detection is not performed. An edge is present on a search line 
at a position where the intensity gradient has an extreme value 
(see FIG. 8B). In the first embodiment, if a plurality of edges 
are present on a search line, the closest edge to the division 
point is designated as a corresponding point, and image coor 
dinates of the corresponding point and three-dimensional 
coordinates of the division point are stored. While in the first 
embodiment, the closest edge to the division point is desig 
nated as a corresponding point, the corresponding point is not 
limited to that edge, and an edge exhibiting the largest abso 
lute value of an extreme value of the intensity gradient may be 
designated as a corresponding point. Alternatively, as dis 
closed in Document 7, a plurality of points rather than one 
point may be stored as candidate corresponding points within 
the scope of the present invention. 

In step S1150, the variable “i' is incremented by one, and 
the process proceeds to step S1160. If the process has been 
completed for all division points DPi, the process ends; oth 
erwise, the process returns to step S1120. 

If the process has been completed for all division points 
DPi, in step S1060 shown in FIG. 3, the position and orien 
tation of the image pickup apparatus 100 are determined. The 
number of division points whose corresponding points have 
been determined in step S1140 from among the division 
points DPi is denoted by Nc. The position and orientation of 
the image pickup apparatus 100 are determined by correcting 
the rough position and orientation of the image pickup appa 
ratus 100 through iterative calculations. FIG. 9 is a diagram 
showing a method for calculating the position and orientation 
of the image pickup apparatus 100 using line segment infor 
mation. In FIG. 9, the x-axis and the y-axis are plotted in the 
horizontal direction and vertical direction of the image, 
respectively. The coordinates of a given division point is 
represented by (u, v), and a line segment L to which the given 
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division point belongs on the image is inclined at an inclina 
tion 0 with respect to the x-axis. The normal vector of the line 
segment L is represented by (sin 0, -cos 0). The coordinates 
of the corresponding point of the division point is represented 
by (u', v'). A point (x,y) on the line segment L Satisfies Eq. (1) 

x sin 0-y cos 0–r Eq. (1) 

where r usin 0-V cos 0 (constant). A point(x,y) on a straight 
line (indicated by a broken line shown in FIG. 9) parallel to 

12 
denote the partial differential coefficients called image Jaco 
bian, and are derived using a known method disclosed in, for 
example, K. Satoh, S. Uchiyama, H. Yamamoto, and H. 
Tamura, "Robust Vision-Based Registration Utilizing Bird's- 
Eye View with User’s View', Proceedings of the Second 
IEEE and ACM International Symposium on Mixed and Aug 
mented Reality (ISMAR03), PP. 46-55, 2003 (hereinafter 
referred to as “Document 9). A detailed description thereof 
is omitted. 
A correcting value Ap of the position and orientation is- 10 the line L and passing through the corresponding point satis parameter p of the image pickup apparatus 100 is calculated 

fies Eq. (2): so that the point (x, y) represented by Ex. (3) is present on the 
x sin 0-y cos 0-d Eq. (2) straight line represented by Eq. (2). Substituting Ex. (3) into 

Eq. (2) produces Eq. (4): 
where du'sin 0-v'cos 0 (constant). The image coordinates q. (2) p q. (4) 
of the division point are functions of the position and orien- 15 
tation of the image pickup apparatus 100. The position and 6 6 Eq. (4 8x dy q. (4) 
orientation of the image pickup apparatus 100 has six degrees it -- X Apisiné - V -- X - Apicosé = d 
of freedom. It is assumed that a parameter indicating the At 0p; 40p; 
position and orientation of the image pickup apparatus 100 is 
denoted by p. The parameter p is a six-dimensional vector 20 Rearranging Eq. (4) yields Eq.(5): 
having three elements representing the position of the image 
pickup apparatus 100 and three elements representing the Eq. (5) 

9 8 9 8 C. orientation of the Image pickup apparatus 100. Each of the sineX Ap, - cos0X Ap, = d-r 
three elements representing the orientation is represented by, At 0p; 4 0p; 
for example, an Euler angle, or a three-dimensional vector 25 
whose direction and magnitude represent the rotation axis Since Eq. (5) is established for Nc division points, linear 
and rotation angle, respectively, or the like. By approximating simultaneous equations for the correcting value Ap, like Eq. 
(x,y), as the image coordinates of the division point, using the (6), are established: 

sin61 t - cosé t sin61 E. - cosé t sin61 t - cosé (i. Eq. (6) 

sin82 t - cost- t sin82 I - cost- t sin82 t - cost- t 

iné Öxw 8 Öy N. . 8 Öxw 8 dy.N. Öxw dy.N. 
S - COS S - COS S - - - COS Neap Neap Neap. Neap. Neap. ap. 

Ap 
Ap2 d - r1 
Ap3 d2 - 2 
Ap4 
Ap5 dN - rN. 
AP6 

one-dimensional Taylor expansion in the vicinity of(u,v), the Eq. (6) is simplified as Eq. (7): 
following expression is obtained: 50 JAp=E Eq. (7) 

EX. (3) 

where 

6 x 6y 
ap, ap. 

55 

60 

From Eq. (7), the correcting value Ap is determined using 
the generalized inverse matrix (J.J) of the matrix J. 

However, edges may often be erroneously detected, and a 
robust estimation method described below is used. In general, 
a division point corresponding to an erroneously detected 
edge has a large error d-r. Therefore, the contribution to the 
simultaneous equations represented by Eqs. (6) and (7) is 
large, resulting in low accuracy of the correcting value Ap. To 
address this problem, a division point having a large error d-r 
is assigned a small weight, and a division point having a small 
error d-r is assigned a large weight. The weights are calcu 
lated using the Tukey function given by, for example, Eq. (8): 

O x > c 
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The weighting function is not limited to the Tukey func 
tion, and any other function that assigns a small weight to a 
division point having a large error d-r and a large weight to a 
division point having a small error d-r, Such as the Huber 
function given by the following equation: 

vsk 1 

to- x > k 

Let the weight assigned to the division point DPi be 
denoted by w. A weighting matrix W is defined by Eq. (9): 

Eq. (9) 

The weighting matrix W is an NcxNc square matrix con 
taining Zeros except for the diagonal elements and the weights 
w, as the diagonal elements. The weighting matrix W is used 
to modify Eq. (7) into Eq. (10): 

WJAp=WE Eq. (10) 

By Solving Eq. (10) using Eq. (11) below, the correcting 
value Ap is determined: 

Ap=(JWJ) JWE Eq. (11) 

The obtained correcting value Ap is used to update the 
rough position and orientation of the image pickup apparatus 
100. In this way, the position and orientation of the image 
pickup apparatus 100 are determined in step S1060. 

Then, in step S1070, it is determined whether or not the 
calculation of the position and orientation of the image 
pickup apparatus 100 has converged. If the correcting value 
determined in step S1060 is sufficiently small, or the total sum 
of the errors r-d is sufficiently small, or the total sum of the 
errors r-d does not change, it is determined that the calcula 
tion of the position and orientation of the image pickup appa 
ratus 100 has converged, and the process proceeds to step 
S1080. If it is determined that the calculation has not con 
Verged, the position and orientation of the image pickup appa 
ratus 100 updated in step S1060 are designated as a new rough 
position and orientation of the image pickup apparatus 100. 
Then, the process returns to step S1060, and the values 0, r. 
and d are re-calculated to determine the correcting value Ap 
again. 

In step S1080, it is determined whether or not an instruc 
tion for finishing the position and orientation calculation pro 
cess has been received. If the instruction has been received, 
the process ends, otherwise, the process returns to step S1020. 
A virtual-space image is Superimposed on the captured 

image using the position and orientation of the image pickup 
apparatus 100 obtained by the position and orientation mea 
surement method described with reference to the flowchart 
shown in FIG. 3. 

FIGS. 11A and 11B are diagrams showing a computer 
graphics Superimposing (synthesizing) method according to 
the first embodiment. FIG. 11A shows an image generated 
without taking account of the occlusion relationship between 
a real object (e.g., a hand) and a virtual object (e.g., a virtual 
cylinder) in which an image of the virtual object generated on 
the basis of the position and orientation of the image pickup 
apparatus 100 is Superimposed on the captured image. If the 
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14 
virtual object is located behind the hand, as shown in FIG. 
11B, the virtual object needs to be rendered behind the hand. 
A region detected as the occluding region in the first embodi 
ment is a hand region, and the image of the virtual object is not 
rendered in the pixels corresponding to the detected occlud 
ing region to generate a natural AR image shown in FIG. 11B. 

Accordingly, in the first embodiment, an occluding region 
of an image where an occluding object occludes an observa 
tion target object on the image is detected, and no image 
features are detected in the occluding region. Therefore, the 
position and orientation of the observer relative to the obser 
Vation target object can be stably calculated with high accu 
racy. 
Modification Example of First Embodiment 

In the first embodiment, an object occluding an observation 
target object is a hand but is not limited thereto, and may be 
any other object having features on a two-dimensional image, 
Such as a face. 

For example, as shown in FIG. 12, a database of face 
images is determined in advance, and a captured image is 
matched with the face images in the database. It is determined 
that a region of the image matched with the face images is 
occluded by a face, and no image features are detected in that 
region. With this method, stable high-accuracy position and 
orientation calculation can be achieved. 

In the first embodiment, an occluding region is detected on 
the basis of the color of a hand. If an occluding object has a 
unique color, an occluding region may be detected on the 
basis of the unique color. For example, when a user wears 
orange-colored gloves on his/her hands, an orange-colored 
region in a captured image may be detected as an occluding 
region. 

Alternatively, an occluding region may be detected on the 
basis of the figure pattern of the occluding object instead of 
the color. For example, when a user wears dot-patterned 
gloves on his/her hands, a dot-patterned region in a captured 
image may be detected as an occluding region. 
Second Embodiment 

In the first embodiment, a hand region is detected on a 
captured image and is designated as an occluding region. No 
image features are detected in the occluding region, thereby 
achieving stable high-accuracy calculation of the position and 
orientation of an observer relative to an observation target 
object. 

In a second embodiment of the present invention, an 
occluding region is not detected using features on a two 
dimensional image in the manner described in the first 
embodiment, but is detected from a captured image using a 
model of an occluding object and the rough position and 
orientation of the occluding object and an image pickup appa 
ratuS. 

FIG. 13 shows an example structure of a position and 
orientation measurement apparatus 2 according to the second 
embodiment. As shown in FIG. 13, an image pickup appara 
tus 100 is connected to the position and orientation measure 
ment apparatus 2. The position and orientation measurement 
apparatus 2 includes an occluding object defining unit 210, an 
image input unit 120, an occluding region detector 230, an 
image feature detector 140, a position? orientation calculating 
unit 150, a first rough position/orientation input unit 260, and 
a second rough position? orientation input unit 270. Sections 
of the position and orientation measurement apparatus 2 hav 
ing functions similar to those in the position and orientation 
measurement apparatus 1 shown in FIG. 1 are represented by 
the same reference numerals. 
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FIG. 14 is a diagram showing a typical situation where the 
position and orientation measurement apparatus 2 according 
to the second embodiment is applied. 

In a space observed by an observer, an observation target 
object 30 and a second observer 40 exist. The second observer 
40 may occlude the observation target object30. It is assumed 
that both observers are wearing HMDs and enjoying their AR 
experience. In FIG. 14, the second observer 40 is wearing a 
HMD 50. The position and orientation measurement appara 
tus 2 according to the second embodiment is configured to 
determine the position and orientation of the image pickup 
apparatus 100 relative to the observation target object 30. 
The occluding object defining unit 210 defines an occlud 

ing object model. For example, the occluding object defining 
unit 210 defines a rectangular parallelepiped model contain 
ing a human-body object on the basis of a coordinate system 
of the HMD 50, and stores the definition of the model in a 
storage unit (not shown). The operation of the image input 
unit 120, the image feature detector 140, and the position/ 
orientation calculating unit 150 is similar to that in the first 
embodiment, and a description thereof is thus omitted. 
The first rough position/orientation input unit 260 inputs a 

rough position and orientation of the image pickup apparatus 
100. The second rough position/orientation input unit 270 
inputs a rough position and orientation of the second observer 
40, that is, the HMD 50. The occluding region detector 230 
detects an occluding region where the observation target 
object 30 is occluded in a captured image on the basis of 
position and orientation information obtained from the first 
rough position/orientation input unit 260 and the second 
rough position? orientation input unit 270, and the occluding 
object model defined by the occluding object defining unit 
210. The detected occluding region is output to the image 
feature detector 140. 

FIG. 15 is a flowchart showing a process procedure accord 
ing to the second embodiment. 

First, in step S2010, initialization is performed. In the 
initialization processing of step S2010, an occluding object is 
defined, and the position and orientation of the image pickup 
apparatus 100 relative to the observation target object 30 are 
roughly determined. The occluding object in the second 
embodiment is the second observer 40, and, as shown in FIG. 
16, a rectangular parallelepiped object 60 containing the sec 
ond observer 40 is designated. Referring to FIG. 16, the 
height, horizontal width, and vertical width of the second 
observer 40 are roughly measured in advance, and the rect 
angular parallelepiped object 60 containing the second 
observer 40 is determined. The position and orientation of the 
rectangular parallelepiped object 60 are also determined on 
the basis of the coordinate system of the HMD50. Further, the 
position and orientation of the image pickup apparatus 100 
are roughly determined in the manner described in the first 
embodiment. After the initialization is performed, the process 
proceeds to step S1020. 

In step S1020, an image captured by the image pickup 
apparatus 100 is loaded into the position and orientation 
measurement apparatus 2 via the image input unit 120. The 
image loaded in step S1020 is transmitted to the occluding 
region detector 230 and the image feature detector 140. 

Then, in step S2090, the first rough position/orientation 
input unit 260 inputs a rough position and orientation of the 
image pickup apparatus 100. The second rough position/ 
orientation input unit 270 inputs a rough position and orien 
tation of the HMD 50 worn by the second observer 40. The 
rough position and orientation of the image pickup apparatus 
100 are, for example, the position and orientation calculated 
in the preceding frame. The rough position and orientation of 
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the HMD 50 are the up-to-date position and orientation cal 
culated using the position and orientation measurement appa 
ratus 2 that is operated by the observer 40. 
Two position and orientation measurement apparatuses 

may run on the same computer, and may exchange calculated 
position and orientation results via inter-process communi 
cation. The two position and orientation measurement appa 
ratuses may run on different computers, and may exchange 
calculated position and orientation results via a network. The 
HMD 50 may be provided with a magnetic, optical, or ultra 
Sonic position and orientation measurement sensor with six 
degrees of freedom, and a rough position and orientation may 
be obtained from the output values of the sensor. Alterna 
tively, the HMD 50 may be provided with a three-degree-of 
freedom orientation sensor and position sensor, and a position 
and orientation may be obtained from a projected image of a 
marker on an image captured by an internal image pickup 
apparatus of the HMD 50 and measurement values of the 
three-degree-of-freedom sensors. That is, any method 
capable of providing rough position and orientation determi 
nation may be used. A rough position and orientation of the 
image pickup apparatus 100 may be obtained in a manner 
similar to that for the HMD 50. 

Then, in step S2030, an occluding region is detected. First, 
as shown in FIG. 17A, the rectangular parallelepiped object 
60 is rendered on an image captured by the image pickup 
apparatus 100 on the basis of the rough positions and orien 
tations of the image pickup apparatus 100 and the HMD 50 
obtained in step S2090. Then, a portion where the rectangular 
parallelepiped object 60 is rendered on the image having the 
rectangular parallelepiped object 60 rendered thereon is out 
put to the image feature detector 140 as an occluding region. 
FIG. 17B is a mask image represented in white and black, 
which is generated using the flags Fi. Image features are 
detected only in the white portion of the mask image. 
The processing of steps S1040, S1050, S1060, S1070, and 

S1080 is similar to that in the first embodiment, and a descrip 
tion thereof is thus omitted. 

Accordingly, in the second embodiment, an occluding 
region of a captured image is detected using a model of an 
occluding object and rough positions and orientations of the 
occluding object and an image pickup apparatus. No image 
features are detected in the occluding region. Therefore, 
stable high-accuracy calculation of the position and orienta 
tion of an observer relative to an observation target object can 
be achieved. 
Modification Examples 

In the first and second embodiments, no image features are 
detected in a region detected as an occluding region. 

For example, in the case shown in FIG. 10, while a region 
having the same color as the color of a hand is detected as an 
occluding region, a boundary between a hand region and a 
non-hand region does not necessarily have the same color as 
the hand. Therefore, image features may be erroneously 
detected at the boundary between the hand region and the 
non-hand region. 
To prevent such erroneous detection, the detected occlud 

ing region and the boundary thereof may be included in an 
occluding region. For example, the occluding region is 
extended outward by one pixel so that the boundary thereof 
can be included in the occluding region. In addition to the 
boundary shown in FIG. 18A, a region neighboring the 
occluding region, as shown in FIG. 18B, may be included in 
the occluding region. In this case, the occluding region is 
extended by several pixels instead of one pixel. In the second 
embodiment, the size of the rectangular parallelepiped object 
60 may be increased to achieve a similar advantage. 
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Other Embodiments 
In the above-described embodiments, an occluding region 

is detected before the detection of image features, and image 
features are detected in a region other than the occluding 
region. 5 

However, the image feature detector may be configured to 
detect image features without taking an occluding region into 
account, and the position? orientation calculating unit may be 
configured to determine whether or not the detected image 
features are included in an occluding region and to calculate 
the position and orientation of the image pickup apparatus 
only using the image features that are not included in the 
occluding region. In this case, it is only required that the 
detection of image features and the detection of an occluding 
region be performed prior to the position and orientation 
calculation. For example, the detection of image features and 
the detection of an occluding region may be performed in 
parallel on a computer. 

In the above-described embodiments, edges are used as 20 
image features. However, the image features are not limited to 
edges, and may be point features. The point features are 
generally called feature points, interest points, or the like, and 
points such as points exhibiting an extreme intensity value on 
an image or corner points (vertices) are mainly detected. 25 
Point features can be detected using the Harris corner detec 
tor, which is disclosed in, for example, C. Harris and M. 
Stephens, “A Combined Corner and Edge Detector”, Proc. 4" 
Alvey Vision Conf. PP. 147-151, 1998 (hereinafter referred 
to as "Document 10'). In Document 8, point features are 
detected using a method called Scale Invariant Feature Trans 
form (SIFT). 

Point features are detected in a region other than an occlud 
ing region detected in the first and second embodiments to 
prevent erroneous detection in a manner similar to that in 
edge detection. Therefore, stable high-accuracy calculation 
of the position and orientation of the image pickup apparatus 
can be achieved. 

While in the above-described embodiments, the position 40 
and orientation of an observer relative to an observation target 
object are determined, the position and orientation of the 
observation target object relative to the observer may be 
determined. Alternatively, either the position or orientation of 
the observer or observation target object may be determined 45 
using any other method capable of providing determination of 
either the position or orientation of the observer or observa 
tion target object. For example, the orientation of the observer 
or observation target object can be measured by a gyro sensor 
attached to the observation target object or the body of the 50 
observer. 
The functions of the embodiments described above are also 

achieved by providing a computer (or a central processing 
unit (CPU) or a micro-processing unit (MPU)) of an appara 
tus or system connected to various devices with program code 55 
of software implementing the functions of the embodiments 
described above so as to operate the various devices to 
achieve the functions of the embodiments described above, 
and causing the computer of the system or apparatus to oper 
ate the various devices according to the program code. 60 

In this case, the functions of the embodiments described 
above are achieved by the program code of the software, and 
both the program code and a storage medium storing the 
program code constitute embodiments of the present inven 
tion. 65 

Examples of the storage medium storing the program code 
may include a floppy disk, a hard disk, an optical disk, a 
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magneto-optical disk, a compact disk read-only memory 
(CD-ROM), a magnetic tape, a non-volatile memory card, 
and a ROM. 
As well as achieving the functions of the embodiments 

described above by executing the program code read by the 
computer, the functions of the embodiments described above 
may be achieved through the use of the program code in 
combination with an operating system (OS), other Software 
applications, or the like running on the computer. This also 
falls within the scope of the present invention. 

Further, the provided program code may be stored in a 
memory of a function extension board placed in the computer 
or a function extension unit connected to the computer, and 
thereafter a CPU or the like of the function extension board or 
the function extension unit may execute part of or the entirety 
of actual processing according to the instruction of the pro 
gram code to achieve the functions of the embodiments 
described above. This also falls within the scope of the 
present invention. 

While the present invention has been described with refer 
ence to exemplary embodiments, it is to be understood that 
the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
modifications, equivalent structures and functions. 

This application claims the benefit of Japanese Application 
No. 2006-219846 filed Aug. 11, 2006, which is hereby incor 
porated by reference herein in its entirety. 

What is claimed is: 
1. An image processing apparatus comprising: 
an object defining unit configured to define specific infor 

mation specifying a specific object that can occlude a 
target object to be observed, and to define a three-dimen 
sional model of the target object; 

an image obtaining unit configured to obtain a captured 
image of the target object captured by an image pickup 
apparatus; 

an occluding region detector configured to detect an 
occluding region including the specific object from the 
obtained captured image by specifying the specific 
object using the defined specific information; 

an occluding region extending unit configured to extend 
the occluding region outward by one or more pixels So as 
to form an extended occluding region; 

an image feature detector configured to, after the occluding 
region extending unit has extended the occluding region, 
detect image edge features of the target object from a 
region of the captured image other than the extended 
occluding region, such that the image edge features of 
the target object detected by the image feature detector 
exclude image edge features of the specific object; and 

a calculating unit configured to calculate a position and 
orientation of the target object in the captured image on 
the basis of correspondence between the image edge 
features detected by the image feature detector and fea 
tures of the three-dimensional model of the target object. 

2. The image processing apparatus according to claim 1, 
wherein the calculating unit is configured to calculate, on the 
basis of the extended occluding region, the position and/or 
orientation of the target object in the captured image on the 
basis of the image edge features detected in a region of the 
captured image other than the detected region. 

3. The image processing apparatus according to claim 1, 
wherein the object defining unit is configured to define the 
specific object in terms of image feature information, and 
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the occluding region detector is configured to detect the 
occluding region from the captured image on the basis of 
the defined image feature information. 

4. The image processing apparatus according to claim 3, 
wherein the image feature information defining the specific 
object comprises a color or a pattern. 

5. The image processing apparatus according to claim 4. 
wherein the specific object comprises human skin, and the 
color comprises the color of the skin. 

6. The image processing apparatus according to claim 3, 
wherein the image feature information defining the specific 
object comprises features representing a human face region 
on an image. 

7. The image processing apparatus according to claim 1, 
wherein the object defining unit is configured to define a 
three-dimensional shape of the specific object, 

the image processing apparatus further comprising: 
a first rough position and orientation obtaining unit con 

figured to obtain a rough position and rough orienta 
tion of the image pickup apparatus; and 

a second rough position and orientation obtaining unit 
configured to obtain a rough position of the specific 
object or a rough position and rough orientation of the 
specific object, and 

the region detector detects the region including the specific 
object from the captured image on the basis of the rough 
position and rough orientation of the image pickup appa 
ratus obtained by the first rough position and orientation 
obtaining unit, the rough position of the specific object 
or the rough position and rough orientation of the spe 
cific object obtained by the second rough position and 
orientation obtaining unit, and the three-dimensional 
shape of the specific object. 

8. The image processing apparatus according to claim 1, 
further comprising: 

a virtual-space image generator configured to generate a 
virtual-space image on the basis of a calculation result of 
the calculating unit; and 

an image synthesizing unit configured to synthesize the 
captured image and the virtual-space image, 

wherein an image in which the captured image and the 
virtual-space image are synthesized is presented to a 
USC. 

9. The image processing apparatus according to claim 8. 
wherein the virtual-space image is synthesized with the cap 
tured image without the extended occluding region detected 
by the occluding region detector. 

10. The image processing apparatus according to claim 1, 
wherein the image edge features comprise line features or 
point features. 

11. The image processing apparatus according to claim 1, 
wherein the image feature detector detects the image edge 
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features of the target object from a region of the captured 
image other than the extended occluding region after extend 
ing the occluding region by the occluding region extending 
unit, without detecting the image edge features of the specific 
object from the extended occluding region. 

12. The image processing apparatus according to claim 1, 
wherein the image feature detector comprises: 

a line setting unit configured to set a search line on the 
captured image; and 

a search unit configured to search edge features along the 
search line other than the extended occluding region. 

13. The image processing apparatus according to claim 12, 
further comprising: 

a measurement unit configured to measure a position and 
orientation of the target object; and 

a projection unit configured to project a three-dimensional 
model of the target object to the captured image, 

wherein the line setting unit sets the search line on the 
captured image by drawing a search line from a line 
which projected three-dimensional model. 

14. An image processing method comprising: 
a holding step of holding definition information defining 

specific information specifying a specific object that can 
occlude a target object to be observed, and defining a 
three-dimensional model of the target object; 

an image obtaining step of obtaining a captured image of 
the target object captured by an image pickup apparatus; 

an occluding region detecting step of detecting an occlud 
ing region including the specific object from the 
obtained captured image by specifying the specific 
object using the defined specific information; 

an occluding region extending step of extending the 
occluding region outward by one or more pixels so as to 
form an extended occluding region; 

an image feature detecting step of after the occluding 
region extending step has extended the occluding 
region, detecting image edge features of the target object 
from a region of the captured image other than the 
extended occluding region, such that the image edge 
features of the target object detected in the image feature 
detecting step exclude image edge features of the spe 
cific object; and 

a calculating step of calculating a position and orientation 
of the target object in the captured image on the basis of 
correspondence between the image edge features 
detected in the image feature detecting step and features 
of the three-dimensional model of the target object. 

15. A computer-readable storage storing thereon a com 
puter program for causing a computer to execute the image 
processing method according to claim 14. 
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